Dispersal is important for the exploitation of new habitat and for outbreeding. A precondition for sociality in spiders is reduced dispersal propensity leading to largely inbred societies. Despite this, social spiders have been observed to disperse from natal colonies and form new or satellite colonies. Proximate factors shaping dispersal, inter-individual variation in dispersal propensities, and any advantages accrued from dispersal remain obscure. In the social spider Stegodyphus sarasinorum, we distinguish 2 types of dispersal: 1) group dispersal in which groups of sub-adult spiders move to form adjacent satellite colonies that are connected to the natal retreat by a shared capture web and 2) solitary dispersal, where a single mated female disperses from the natal colony and can potentially establish a new independent colony. Using experimental colonies that varied in size and subjected to long-term differential food treatment, we show that individuals that participate in group dispersal had lower body condition than natal females. Well-fed colonies had more group dispersers compared to less-fed colonies. Body condition, food availability, and colony size did not influence solitary dispersal. Interestingly, solitary dispersers suffered heavy mortality (~75%) likely due to predation; however, survivors gained better body condition and higher fat reserves post-dispersal compared to natal females. We did not detect greater fitness (measured as clutch size and mean egg weight) in solitary dispersers. Finally, by following group dispersers and natal females, we found that both were equally likely to become solitary dispersers suggesting that solitary and group dispersal are 2 different dispersal strategies.
INTRODUCTION
Dispersal has considerable benefits as well as costs. Dispersers can avoid inbreeding, escape kin competition and exploit new habitats (Bowler and Benton 2005) . However, dispersers experience substantial energy expenditure, predation risk and may even fail to locate favorable habitat (Lucas et al. 1994; Johnson et al. 2009; Bonte et al. 2012) . Therefore, it is expected to occur only when there is a net fitness benefit and many organisms have evolved a suite of morphological, physiological, behavioral, and genetic adaptations to minimize the costs associated with dispersal (Clobert et al. 2009 ). Dispersal propensities often vary between individuals and may be explained by how individuals balance these costs and benefits. In many species, dispersers and residents differ in intrinsic factors such as sex (Greenwood 1980) , age (Greenwood and Harvey 1982) , maternal body condition (Meylan et al. 2002) , and morphological traits (Fairbairn 1978; Harrison 1980; Anholt 1990; Wahlström and Liberg 1995; Zera and Denno 1997; Jeugd 2001; Pasinelli and Walters 2002; Olsson and Shine 2003) . Moreover, inter-individual differences in personality types such as boldness/ exploration, aggression, and neophobia can influence dispersal tendencies (Cote et al. 2010; Sih et al. 2012) . Extrinsic factors including habitat quality, resource distribution, predation risk, parasite load, group size, and kin competition in social animals influence dispersal propensities (Bowler and Benton 2005) . In social animals, dispersers moving to a new group may lose social bonds (Clobert et al. 2009 ) and their position in the group's dominance hierarchy (O'Riain and Jarvis 1997; Ronce 2007) . Thus, social animals usually disperse only when the net costs of kin competition or inbreeding outweigh the costs of dispersal.
Social spiders are heavily inbred (Smith and Engel 1994; Bilde et al. 2005; Lubin and Bilde 2007) and form kin groups that collectively engage in prey capture, web-building, and brood care (Kullmann 1972; Kraft 1979; Darchen and Delagedarchen 1986; Lubin and Bilde 2007) . Thus, social spiders with their reduced propensity to disperse compared with their nonsocial and sub-social relatives (Avilés and Gelsey 1998; Corcobado et al. 2012) , present an interesting case to study the causes and consequence of dispersal. Dispersal has been observed in social and sub-social spiders and is thought to help avoid kin competition (Henschel 1992; Lubin and Bilde 2007) and parasitic attack (Henschel 1998) . Groups of dispersers form adjacent satellite colonies, which are connected to the natal colony by a common capture web . The numbers of dispersers varied with season and food availability, with greater amounts of food triggering more dispersal in Stegodyphus mimosarum (Bodasing et al. 2001 (Bodasing et al. , 2002 . However, a recent study of the congeneric Stegodyphus dumicola reported dispersal to be common in well-fed and poorly fed colonies (capture web removal led to poor feeding) when compared to control groups (Berger-Tal et al. 2016 ). In our study species, the social spider Stegodyphus sarasinorum Karsch (Eresidae), we observed dispersal of sub-adult spiders in small groups from the natal colony to form adjacent satellite retreats, which we define as "group dispersal." Satellite retreats are connected to the natal retreat by extensions of the capture web. Females from natal retreats (hereafter referred to as natal females) and satellite retreats (group dispersers) capture prey that fall on the common web, and males wander between them to inseminate females in S. sarasinorum (unpublished data). By the formation of satellite retreats, spatial expansion of the capture web resulting in greater surface area of prey interception is likely. Group dispersers are more likely to attack and feed on prey first if the prey falls closer to the satellite retreat. Besides, capture webs connecting satellite and natal retreats may get ruptured over time by external factors such as wind, rainfall, movement of animals, etc., and thus the 2 retreats may function independently (unpublished data). We distinguish group dispersal from another form of dispersal that we term "solitary dispersal," in which mated S. sarasinorum females disperse singly to found new colonies, which are unconnected to the natal colony. Solitary dispersal has also been reported in other social spider species (Vollrath 1982; Schneider et al. 2001; Bilde et al. 2007) . Thus, ontogeny is the main intrinsic difference distinguishing these 2 kinds of dispersal: sub-adults disperse as groups whereas mated adult females disperse solitarily. No study so far has distinguished solitary from group dispersal, studied the conditions under which each is likely to occur, or examined whether an individual's participation in group and solitary dispersals are linked. Moreover, though earlier studies on dispersal in social spiders examined the relationship between food and dispersal, none have explicitly explored the links between body condition, dispersal and fitness.
In S. sarasinorum, we examined group and solitary dispersal behavior by addressing the following related questions: 1) Do interindividual differences in body condition and/or body size (intrinsic factors) determine group and/or solitary dispersal behavior? 2) Do solitary dispersers have higher fitness gains (clutch size or egg weight) relative to natal females? 3) Does food availability and colony size (extrinsic factors) influence group and solitary dispersal? 4) Are group dispersers more likely to become solitary dispersers later on?
MATERIALS AND METHODS

Study species
S. sarasinorum is an inbred social spider (Smith and Engel 1994) inhabiting arid and semi-arid regions of South Asia (Jacson and Joseph 1973; Platnick 2017) . They are semelparous (Jacson and Joseph 1973) and have extended maternal care compared to their nonsocial relatives (Bradoo 1972; Lubin and Bilde 2007) . Adult females feed the young by regurgitation (Kullmann 1972; Jacson and Joseph 1973) and eventually succumb to gerantophagy (Jacson and Joseph 1973) . Spiders live within silken retreats and collectively capture prey and maintain the shared web (Jacson and Joseph 1973; Avilés 1997; Settepani et al. 2013) . Sex ratios are highly female-biased and there are no apparent morphological castes (Jacson and Joseph 1973; Avilés 1997; Lubin and Bilde 2007) . As is the case with other social spiders Wright et al. 2015) , S. sarasinorum is known to have personality types Settepani et al. 2013; Beleyur et al. 2015) that is thought to lead to task partitioning in collective behaviors.
Study sites, study period, and experiments
The study spanned 2 seasons and 2 sites (approximately 600 km apart) in Southern India, namely Tirunelveli (8.22° N, 77 .37° E) in Tamil Nadu and Kuppam (12.75° N, 78 .37° E) in Andhra Pradesh. Kuppam had a higher density of S. sarasinorum colonies than the Tirunelveli site possibly due to differences in climatic conditions or availability of habitat, though social spiders are known to survive in marginal, disturbed habitats.
Season 1
After mating and solitary dispersal occurred (December 2012 to January 2013 in Tirunelveli, and from May to June 2013 in Kuppam), we collected natal females and solitary dispersers (Tirunelveli: n natal, solitary = 42 from 8 colonies, 20; Kuppam: n natal, solitary = 196 from 23 colonies, 34) to compare their body size, body weight, body condition, and body fat. We also collected egg sacs from solitary dispersers and from natal nests (Tirunelveli: n natal, solitary = 52 egg sacs from 15 colonies, 21; Kuppam: n natal, solitary = 97 egg sacs from 21 colonies, 27) for clutch size and the mean egg weight measurements. The months of collection reflect the reproductive asynchrony between the 2 sites that also differ markedly in annual precipitation and length of the dry season. Whole colonies were collected along with egg sacs, placed in well-ventilated plastic boxes (25 × 18 × 10 cm) and brought back to the lab within 24 h of collection for weight and morphometric measurements. Precise post hoc identification of group dispersers from natal females is not possible from the sizes of satellite or natal retreats (for example, group dispersal triggered by disturbance to the natal colony), so we could not examine group dispersal in Season 1.
Body condition, clutch size, and mean egg weight determination
We measured the body weight of all spiders (to the nearest 0.1 mg) using a digital weighing balance (Mettler Toledo JB1603-C/Fact). Live spiders were imaged individually at 1× magnification under a dissection microscope (Leica, EC 3) to obtain the following morphometric measurements: 1) cephalothorax width (CW): the distance between the most posterior pair of distal eyes, 2) abdomen length (AL), and 3) abdomen width (AW). We measured clutch size by counting the number of eggs in each egg sac. All eggs in an egg sac were weighed together (Mettler Toldeo XP6 FACT) since single eggs were too small to be weighed individually with accuracy. We determined the mean egg weight as:
Weight of intact egg sac Weight of empty egg sac -_________ ____________________________________ Total number of eggs Shrivelled eggs that were few in number were considered aborted and, therefore, excluded. We determined body condition by the scaled mass index (SMI) method (Peig and Green 2009 As the determination of body condition includes a scaling component (body weight/structural size), body condition can be used reliably to compare individuals across colonies, which may differ in ontogeny or structural size.
Determination of total triglycerides
In addition to body condition, we determined body fat by estimating the total triglyceride content of natal females from 8 colonies and variable numbers of solitary dispersers in the vicinity of these natal colonies (radius = 0.5-18 m) in the Kuppam site; colonies were well separated from each other by large intervening areas that were devoid of spiders. As colonies are distributed very patchily in nature, we assumed that solitary dispersers originated from the nearest natal colony. Depending on the number of solitary dispersers, we randomly collected a similar number of natal females from the nearest natal colony. Total triglycerides of these individuals were estimated following the protocol described in Varghese et al. (2010) .
Season 2
In Season 1, since spiders were collected after solitary dispersal had occurred, we could not determine if the body condition of spiders had changed (declined or improved) following solitary dispersal. Moreover, in order to examine whether group dispersers tended to become solitary dispersers over time, we followed the fates of individual spiders over developmental instars. Towards this in Season 2 (2014), we collected 27 colonies consisting of sub-adults (2 or 3 instars before the adult instar) in February from Kuppam and immediately housed individual colonies within nylon net enclosures (183 × 183 × 122 cm) supported by aluminum poles on 4 sides on an abandoned field in the Agastya Foundation campus in Kuppam. The enclosure sizes were decided based on our observations of the average spatial extent of webs of S. sarasinorum. We placed a potted Lantana camera plant (on which S. sarasinorum colonies are frequently found) in the center of each net enclosure and attached to a branch each spider colony with its retreat intact. We placed 6 more plants surrounding the central potted plant as structures for anchoring webs (Supplementary Figure 1) . The net enclosures prevented the interception of natural prey and permitted controlled feeding experiments. We fed colonies with honeybees (from Apis cerana hives that we maintained in the field). Before housing colonies, we estimated the number of spiders inside the retreat from digital x-ray images of entire colonies taken at an x-ray facility close by . Thus, we avoided triggering inadvertent dispersal that can occur if retreats are opened up to count spiders. These spider colonies built webs and captured prey like natural colonies in the field and did not show any developmental defects.
Colony size and food treatment
In order to examine the effect of colony size and food availability on dispersal, colonies were administered one of 3 food treatments by varying the amount and frequency of food provided over 5 months (February to June 2014) . Each treatment consisted of 3 small (12 to 20 spiders), 3 medium (24 to 54 spiders), and 3 large (55 to 125 spiders) colonies. In the abundant treatment, each spider received an average of 4 honeybees per week and these colonies were fed 6 days a week. For example, in a large colony of 90 spiders, we fed 360 bees in 1 week (60 bees a day). In the moderate treatment, each spider received an average of 1 bee per week and colonies were fed thrice a week. In insufficient treatment, each spider received onefourth of a bee per week and was fed only once a week.
Group and solitary dispersal
By mid-April 2014, we observed group dispersal in the experimental colonies. Groups of female sub-adults moved out of the natal retreat, settled in small groups, and built their own satellite colony which remained connected to the natal colony by a common capture web. We fed satellite and natal colonies by placing the bee very close to either of these retreats, so that only spiders from the closest retreat captured and fed on the bee. We estimated the number of group dispersers when they emerged from their satellite retreats while feeding. Thus, we ensured that satellite and natal colonies were fed separately and proportionate to the number of spiders as prescribed by their feeding regime. When naturally occurring colonies in the study site started showing solitary dispersal (end of June), we collected all group dispersers and natal females that emerged from the retreat when a bee was placed on the web. By this method, we collected approximately 40% of natal females (mean% ± SD = 40.43 ± 30.28, n = 27 colonies) without damaging their retreats. We then counted the number of group dispersers to obtain colony-wise percentages. Next, we determined the body weight and CW for these individuals to estimate body condition by SMI method as described for Season 1, uniquely color-coded individuals with acrylic non-toxic water resistant colors (Camlin water colors, India) and returned them to the retreat within 24 h. After ensuring that there were no wild colonies in the vicinity, the net enclosures were opened and the Lantana plants supporting the experimental colonies were carefully placed in the open natural habitat to permit any solitary dispersal. This step was essential because our field observations revealed that solitary dispersal typically occurs over spatial scales larger than the enclosures. Experimental colonies placed in the open were separated from each other by at least 800 m; 24 h after placing colonies in the open, solitary females that were unconnected to the natal colonies by web were scored as solitary dispersers and individually identified from their color codes. One medium-sized colony from the abundant treatment showed heavy mortality due to unknown reasons after group dispersal, so this colony was excluded from the analyses comparing body condition and for determining solitary dispersal. 
Season 2
To examine the influence of food treatment and colony size on group and solitary dispersal, we built 2 separate general linear models with percentages of group or solitary dispersers from each colony as the response variable, and food treatment and colony size as fixed effects.
We compared the percentages of group/solitary dispersers between the 3 food treatments using pairwise Tukey's post hoc tests. Next, we examined the role of body condition in determining whether spiders were likely to become dispersers by building separate binary logistic mixed regression models for solitary and group dispersal. The binary response variable in these models was whether a spider was a group /solitary disperser, body condition was the fixed effect, and colony identity was the random effect. We also used paired t-tests to compare body condition of natal females, group dispersers, and solitary dispersers after taking their colony-wise averages. To determine whether group dispersers were more likely to become solitary dispersers, the percentages of solitary dispersers that were previously either natal females or group dispersers were compared using an independent sample t-test after log transformation. We also fitted a binary logistic mixed model with solitary dispersal as the binary response variable, whether each solitary disperser was previously a group disperser or a natal female as the binary explanatory variable and colony identity as the random effect. The models were built in R 3.4.0 (R Core Team 2017) using the "lme4" package (Bates et al. 2015) .
RESULTS
Season 1
Comparisons of body measurements of natal females and solitary dispersers from both study sites showed that: 1) natal females and solitary dispersers had similar CW and abdomen sizes. Solitary dispersers had significantly higher body weight than natal females in the Tirunelveli population (Supplementary Table 1) . 2) Solitary dispersers had significantly higher body condition (SMI) compared to natal females (Tirunelveli: Mann-Whitney U = 121.0, n natal, solitary = 8, 20, P < 0.05; Kuppam: t-test: t = −2.324, n natal, solitary = 23, 34, P < 0.05; Figure 1A and B). They also had significantly higher total triglyceride levels when compared to natal females (natal females: 0.36 ± 0.32; solitary dispersers: 0.78 ± 0.45, paired t-test: t = 2.39, n = averages from 8 locations, P < 0.05, Figure 1C ).
3) Natal females and solitary dispersers had similar clutch sizes (number of eggs; Tirunelveli: U = 259.0, n natal, solitary = 15, 21, P > 0.05; Kuppam: U = 304.5, n natal, solitary = 21, 27, P > 0.05; n = 9 colonies; Insufficient: 90.66 ± 24.30, n = 9 colonies; oneway Anova: F = 0.124, P > 0.05) and the 3 colony sizes (Small: 93.71 ± 24.15, n = 9 colonies; Medium: 91.22 ± 13.82, n = 8 colonies; Large: 89.28 ± 23.95, n = 9 colonies; one-way Anova: F = 0.96, P > 0.05). A general linear mixed model with body condition as the continuous dependent variable, food treatment and colony size as fixed effects, and colony ID as random effect showed that both treatment and colony size were not significant predictors of body condition (food treatment: β ± SE = −4.37 ± 4.53, t = −0.966, P > 0.05; colony size: −0.19 ± 0.11, t = −1.72, P > 0.05, Supplementary  Figure 2 ). Food treatment × colony size interaction term was not significant and was excluded in the final model.
Group dispersal
Group dispersal was seen in 20 of the 27 colonies (including one colony that showed mortality after group dispersal, see Methods). Six colonies from the insufficient and 1 from the moderate food treatment did not show group dispersal.
Influence of body condition on group dispersal
Group dispersers had lower mean body condition (by SMI) than natal females in 19 out of 20 colonies that showed group dispersal (natal females: 102.44 ± 36.19 and group dispersers: 86.05 ± 17.14, paired t-test, t = 2.30, n = 19 colonies, P < 0.05, Figure 2A ). The binary logistic mixed model showed body condition to be a significant predictor for group dispersal (β ± SE = −0.024 ± 0.005, z = −4.26, P < 0.001). The odds (e β ) of becoming a group disperser reduced by 0.97 times (95% CI = 0.96-0.98) for every unit increase in body condition.
Influence of food treatment and colony size on group dispersal
The general linear model showed a significant effect of food treatment on group dispersal. The percentage of group dispersers was highest in colonies subjected to the abundant food treatment, followed by the moderate and insufficient treatments (model 1 in Table 2 , Figure 3A ). The model with food treatment was better than the model without the effect (F = 29.68, P < 0.001). However, the percentages of group dispersers were not influenced by colony size (model 1 in Table 2 , Figure 3A ). Food treatment × colony size interaction term was not significant.
Solitary dispersal
Solitary dispersal was seen in 21 out of 26 colonies (1 colony was excluded from the analysis after group dispersal due to mortality; see Methods). Of the 5 colonies that did not show solitary dispersal, 2 each were from abundant and moderate treatment groups and 1 was from the insufficient treatment.
Influence of body condition on solitary dispersal
Solitary dispersers and natal females had similar body condition (SMI method) by pairwise comparisons of the 21 colonies that showed solitary dispersal (natal females: 91.20 ± 22.73 and solitary dispersers: 85.88 ± 20.13, paired t-test, t = 1.675, n = 21 colonies, P > 0.5, Figure 2B ). Moreover, the binary logistic mixed model showed that body condition was not a significant predictor of solitary dispersal (β ± SE = −0.003 ± 0.006, z = −0.46, P > 0.05).
Influence of food treatment and colony size on solitary dispersal
Food treatment or colony size did not influence the percentage of solitary dispersers from each colony (model 2 in Table 2 , Figure 3B ). The model with food treatment as the effect was not significantly different from the model without the effect (F = 0.55, P > 0.1).
Correlation between percentages of group and solitary dispersers
There was no correlation between the percentages of group and solitary dispersers (Spearman's rho = 0.18, P > 0.1, r 2 ± SE = 0.053 ± 8.22, n = 26 colonies), indicating that certain colonies did not exhibit greater tendencies to disperse.
Origin of solitary dispersers and their survival
Solitary dispersers were equally likely to originate from natal retreats or from group dispersers (natal nest: 19.62% ± 19.50 and group dispersers: 25.95% ± 30.46, t-test, n = 21 colonies, t = −0.80, P > 0.1). The binary logistic mixed model did not detect significant main effects of natal females or group dispersers on the probability of becoming solitary dispersers (β ± SE = 0.18 ± 0.30, z = 0.60, Percentage of group dispersers from each colony is dependent only on food treatment irrespective of colony size (n = 27 colonies). More spiders participated in group dispersal in the abundant treatment followed by the moderate and insufficient treatments. b: Percentage of solitary dispersal for each colony is independent of food treatment or colony size (n = 26 colonies). Percentages of group dispersers were influenced by food treatment but not by colony size (model 1, with percentage of group dispersers from each colony as the response variable). A greater percentage of spiders participated in group dispersal in the abundant treatment followed by the moderate and insufficient treatments. Tukey's pairwise post hoc tests show that percentages of group dispersers were significantly different in the 3 food treatment groups. Percentage of solitary dispersers was not influenced by food treatment or colony size (model 2, with percentage of solitary dispersers from each colony as the response variable). The model with food treatment was not a significantly better model than the model without the effect (F = 0.55, P > 0.1). *indicates significance level at P < 0.05, ** P < 0.001. # indicates t scores instead of z scores. P > 0.5, Supplementary Figure 3 
DISCUSSION
From ecological perspectives, dispersal is intriguing in social spiders that live in kin groups, engage in collective prey capture, build a communal web, and display a high degree of tolerance even towards non-nest mates and unrelated individuals (Seibt and Wickler 1988) . To our knowledge, this is the first comprehensive study of dispersal in social spiders that has distinguished between its 2 forms: group dispersal in the sub-adult instars and solitary dispersal in mated females, thus highlighting the value of long term studies commensurate to the lifespan of study species. Group dispersal in the sub-adult stage is likely to be a response to preparation for egg laying subsequently as adults, whereas solitary dispersal at this stage can result in loss of mating opportunities. Solitary dispersal on the contrary takes place only after mating, as unmated solitary dispersers may not be successful in finding mates. We found that abundantly fed colonies exhibited greatest tendency (measured as percentage of individuals) for group dispersal followed by moderately and insufficiently fed colonies, which showed little group dispersal or none at all. Similarly, in S. mimosarum, Bodasing et al. (2002) found that spiders fed ad libitum dispersed while starved colonies showed less dispersal. Berger-Tal et al. (2016) found that dispersal was triggered in S. dumicola under conditions of prey augmentation as well as when web damage was induced creating food scarce conditions, though it is likely that the disturbance by itself could have triggered dispersal in their study. Furthermore, in S. sarasinorum, we found that group dispersers had lower body condition irrespective of food treatment though the natal females and group dispersers were fed similarly. It is also possible that the lower body condition of group dispersers was due to metabolic costs incurred during movement and establishing a satellite retreat. Alternatively, under the conditions of abundant food availability, individuals with relatively lower body condition are likely to move out and form satellite colonies possibly to reduce competition, if food consumption is not equal across individuals in the colony. Larger spiders (possibly individuals with better body condition) had a competitive advantage in accessing nutritionally richer parts of the prey (Whitehouse and Lubin 1999) . Studies in which social spiders were fed known quantities of prey have shown inequitable food consumption. For example, in Anelosimus eximius and S. dumicola, some individuals consumed more than others (Rypstra 1993; Whitehouse and Lubin 1999) . Several studies have shown that the propensity for attacking prey differs between individuals in several social spider species (Pruitt and Riechert 2011; Grinsted et al. 2013; Settepani et al. 2013; Beleyur et al. 2015) . Besides, there is some evidence that lead attackers also have better feeding opportunities, indicated by their greater weight gain (Lichtenstein et al. 2017) . On the other hand, individuals that scavenged on a prey benefitted less relative to spiders that attacked and subsequently fed on nutritionally richer part of the prey (Whitehouse and Lubin 1999; Amir et al. 2000) . Thus, group dispersal can help minimize or avoid competition between natal kin. It is likely that group dispersers have better feeding opportunities because: 1) colonies with satellite retreats can expand in space and capture more prey benefitting both group dispersers and natal females; 2) capture webs connecting satellite and natal retreat may get partially or completely disconnected due external factors such as wind, rainfall, movement of animals, etc., (B.P. and H.S., personal observation), and thus the 2 retreats may capture prey independently avoiding competition for food; 3) group dispersers also extend capture webs on the side facing away from the natal retreat and monopolize any prey that falls there. On the other hand, when food is scarce, we found that group dispersal was uncommon in S. sarasinorum. This may be explained by the necessity of economizing silk expenditure for the formation of satellite retreats and capture webs that connect the satellite and natal retreats. These results also corroborate findings from other studies in which interaction between intrinsic and extrinsic factors explained inter-individual differences in dispersal propensities (reviewed in Clobert et al. 2009 ).
During Season 2, in which we followed the fate of both natal females and solitary dispersers, we found that solitary dispersers and natal females had similar body condition at the moment of dispersal. Similarly, in S. dumicola, Berger-Tal et al. (2016) found that the body condition of dispersers from control and food-augmented groups were similar, suggesting that body condition does not explain solitary dispersal. What then might determine whether an individual undertakes solitary dispersal after mating? Social spiders show consistent inter-individual differences in behavioral tendencies, even though there are no apparent morphological castes in our study species S. sarasinorum Settepani et al. 2013; Beleyur et al. 2015) as well in other social spider species . Personality types (e.g. bold or docile) have been demonstrated to determine participation in behaviors such as prey capture or brood care, and to lead to behavioral task partitioning in the colony in the absence of morphological castes Wright et al. 2015) . Moreover, personality driven task partitioning led to task proficiency in social spiders . It is likely that the tendency to disperse in certain individuals may be attributed to personality types. An earlier study in S. sarasinorum showed that individuals that attacked a prey more often (bolder individuals) were also more likely to disperse over larger distances from the natal nest . Such personality dependent dispersal is known in many other animal species (Fraser et al. 2001; Duckworth and Badyaev 2007; Cote et al. 2010; Aguillon et al. 2015) . Therefore, studies of personalities in this context are required to understand both dispersal behavior and range expansion in these highly inbred societies.
Post hoc results after dispersal in Season 1 suggested that solitary dispersers had gained higher body condition than natal females. Hence, we conclude that solitary females improved their body condition perhaps due to better feeding chances after dispersal. Better body condition after solitary dispersal is likely because of the competitive release from natal siblings. Higher fatty deposits (triglyceride levels) in solitary dispersers can benefit offspring during matriphagy. Perhaps eggs are already fixed at the moment of solitary dispersal, but the endowment of maternal fatty deposits can still be improved after dispersal, making dispersal beneficial. The offspring from a single egg sac of a solitary disperser are likely to experience reduced food competition than would offspring from several egg sacs in the natal colony. Thus, dispersal after mating in social spiders appears to confer a direct fitness advantage. In Season 1, for the Tirunelveli site, solitary dispersers had higher egg weights than natal females, though clutch sizes were similar. However, like a double-edged sword, dispersal is fraught with high risk as was evident when we followed the fate of solitary dispersers in Season 2 and noted the loss of large number of solitary dispersers presumably due to predation at night by geckos which were very abundant in the study site (B.P., personal observation). Similarly, 90% solitary dispersers did not survive to reproduce in S. dumicola ). These results when considered together are suggestive of trade-offs between the decision to stay or to disperse. It is well known from a wide range of systems that larger groups offer safety against predators but cause within-group competition (Krause and Ruxton 2002) . Competition for food is likely to be intense between adult females in social spiders especially before laying egg sacs and also between spiderlings that outnumber the adults many fold in typical colonies suggesting high mortality.
Finally, there are 2 routes to become a solitary disperser; natal females and group dispersers were equally likely to become solitary dispersers after mating, so there appears to be no intrinsic link between the 2 types of dispersal (e.g. dispersive personalities acting in both contexts). Moreover, colony-wise percentages of group and solitary dispersers were not correlated further suggesting that these 2 modes of dispersal act independently. In conclusion, competitive release is a likely benefit for group dispersers during the growing instars and for mated solitary dispersers before egg laying and for offspring of solitary dispersers that have to compete with fewer spiderlings for food. Moreover, the greater accumulation of maternal reserves in solitary dispersers can benefit their offspring during matriphagy. Thus, the 2-phase dispersal that we report each brings potential fitness benefits in S. sarasinorum.
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